346                                  PHYSICS OF THE AIR
of freezing temperatures quickly congeal and also gather coatings of snow and frost. After a time, each incipient hailstone gets into a weaker updraft, for this is always irregular and puffy, or else tumbles to the edge of the ascending column. In either case, it then falls back into the region of liquid drops, where it gathers a layer of water, a portion of which, at once, is frozen by the low temperature of the kernel. But again it meets an upward gust, or falls back where the ascending draft is stronger, and again the cyclic journey from realm of rain to region of snow is begun; and each time—there may be several—the journey is completed, a new layer of ice and a fresh layer of snow are added. In general, the size of the hailstones will be roughly proportional to the strength of the convection current, but since their weights vary approximately (they are not homogeneous) as the cubes of their diameters, while the supporting force of the upward air current varies, also approximately, as only the square of their diameters, it follows that a limiting size is quickly reached. Evidently, too, from the fact that a strong convection current is essential to its formation, hail can occur only where this convection exists; that is, in the front portion of a heavy to violent thunderstorm, and high up where the air is very cold.
The velocity of the uprush necessary to support the hailstone is surprisingly great. From the measured drag of wind on spheres it seems that to sustain a stone 1 inch in diameter, density 0.8, the vertical velocity of the air would have to be at least 59 miles per hour: and 116 miles per hour if the stone were 3 inches in diameter, a size that is by no means rare, nor even the largest known. Evidently, therefore, hail storms, and, in fact, all thunderstorms must be avoided by aircraft of every type.

